studying Q-switching of a ruby laser with nitrobenzene Kerr cell. After this infrared output was recognized as the result of stimulated Raman emission (SRE), the SRE process was found in many other materials including gases and solids. Since then, useful applications have been developed by the effect, such as tunable coherent infrared and ultraviolet light sources, and high resolution spectroscopy.
1 Recently, multicolor generation using cascaded
Raman process has attracted interests to generate ultrashort light pulses. 2, 3 Here, there is a question. Is the SRE possible for any Raman bands ? This is not necessarily an obvious problem. To our knowledge, one who gave this problem for two-phonon Raman bands for the first time was Shen. 4 The two-phonon Raman bands come from the simultaneous creation and annihilation of two phonons. He examined the possibility of two-phonon Coherent Anti-Stokes Raman Scattering (CARS). Shen's answer was that the two-phonon CARS was possible but parametric amplification of one-phonon waves occurred in some condition. After it, the nonlinear spectroscopy of the two-phonon Raman bands has attracted very few interests. Recently, the two-phonon and the two-magnon Raman bands have attracted new interests. They are recognized as a stage of non-photon squeezing under strong electric field of femtosecond light pulses. [5] [6] [7] [8] [9] The authors demonstrated that the quantum noise could be controlled via excitation of the second-order Raman bands. The second-order Raman bands have distinct nature against the first-order ones. Now, let's return to the original problem.
Are the SRE possible for the two-phonon Raman bands ? In this letter, we report that cascaded CARS of the two-phonon Raman band is achieved by injecting a second femtosecond light pulse in a direction different from the main femtosecond pump pulse. The importance of SRE of the two-phonon Raman bands is not restricted to the scientific interests. Because the two-phonon Raman bands are broad and sometimes very strong, there is a possibility of continuously tunable broadband solid-state Raman laser.
In this letter, a SrTiO 3 crystal, which has a cubic perovskite structure with a space group
) at room temperature is studied. Its phonon modes at the Brillouin zone center at room temperature are made up of one T u acoustic mode and three T 1u and one T 2u optical modes. Each polar T 1u optical mode splits into one LO and doubly-degenerate TO modes.
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The specific feature of this crystal is that even though it has no Raman-active one-phonon modes, it has broad and strong Raman bands, all of which are the combination bands of two phonon waves. 11 It is an ideal material to study the SRS of two-phonon band because there's no direct path of excitation of the one-phonon Raman bands.
Photo-excitation is executed using a femtosecond regenerative amplifier system (Tsunami+Spitfire, Spectra Physic Co.). The experimental setup is shown in Fig.1 
where k 1 and k 2 are the wavevectors of the two incident light. As the power increases, the spectral shape distorts and new peaks appear at different frequencies. When the power is over When the irradiation power is low, a series of discrete signals with the identical frequencies and in different directions are observed. They are generated by the degenerate four-wave mixing process. The third-order nonlinear polarization governing the case of one-color crossbeam excitation is written as the following.
Equation (1) means that the two incident light with k 1 and k 2 generate a dynamic grating and the k 1 light is diffracted from it. The emitted light has a wavevector
This light mixes with k 1 and k 2 again. Then another light is emitted with a
. This process is repeated to yield higherorder signals with k 1 + n(k 1 − k 2 ). Because the energy of the excitation photon is far lower than that of the band gap and there are no Raman-active mode other than the second-order difference band of TO 2 -TO 1 and TO 2 -TA, only the non-resonant term of χ (3) contributes.
When the irradiation power is higher than 1mW, higher-order signals with a frequency shift of 2TO 2 are observed in larger frequency region. The stimulated Raman process to generate coherent light with larger frequency than that of the pump light is known as CARS. Under strong excitation condition, the SRE is amplified from quantum fluctuations. Once the SRE is build up to sufficient strength, the anti-Stokes signal is amplified by the four-wave mixing process among pump pulse and the Stokes pulse, where the pump pulse is used twice in the process.
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We have reported that higher-order CARS signals are efficiently generated from solids by two-color cross-beam excitation. 12 Even in the one-color excitation case, there are two advantages in the cross-beam excitation over the single-beam excitation. Firstly, the additional pulse reduces the threshold of the excitation power for SRE. Secondly, the anti-Stokes light is emitted as a beam, whereas it is emitted conically in the single-beam excitation.
In the one-color cross-beam excitation case, the k 2 wave is supplied by the SRE of the two-phonon Raman band. Once the SRE is build up to sufficient strength, the anti-Stokes signal is amplified by the CARS process,
where ω 2 = ω − ω p is the first Stokes frequency. The third-order nonlinear susceptibility χ (3) for two-phonon CARS which depends on the phonon-amplitude was derived by Shen. 
